Isocitrate dehydrogenase kinase/phosphatase.
In Escherichia coli, isocitrate dehydrogenase (IDH) is regulated by phosphorylation. This phosphorylation cycle is catalyzed by an unusual, bifunctional protein:IDH kinase/phosphatase. IDH kinase/phosphatase is expressed from a single gene, aceK, and both activities are catalyzed by the same polypeptide. The amino acid sequence of IDH kinase/phosphatase does not exhibit the characteristics which are typical of other protein kinases, although it does contain a consensus ATP binding site. The available evidence suggests that the IDH kinase and IDH phosphatase reactions occur at the same active site and that the IDH phosphatase reaction results from the back reaction of IDH kinase tightly coupled to ATP hydrolysis. The function of the IDH phosphorylation cycle is to control the flux of isocitrate through the glyoxylate bypass. This pathway is essential for growth on acetate because it prevents the quantitative loss of the acetate carbons as CO2 in the Krebs' cycle. IDH kinase/phosphatase monitors general metabolism by responding to the levels of a wide variety of metabolites, many of which activate IDH phosphatase and inhibit IDH kinase. The ability of IDH kinase/phosphatase to monitor general metabolism allows. the IDH phosphorylation cycle to compensate for substantial perturbations of the system, such as a 15-fold overproduction of IDH. The significance of the cellular level of IDH kinase/phosphatase has also been evaluated. The level of this protein is in great excess of that required for steady-state growth on acetate. In contrast, IDH kinase/phosphatase is, in some cases, rate-limiting for the dephosphorylation of IDH which results when preferred carbon sources are added to cultures growing on acetate.